Abstract Rotor temperature variation is a significant issue in the design of induction motor controls. In the literature, numerous studies have mentioned significant performance degradation due to rotor temperature variation unless it is taken into account. However, those studies have mainly focused on field-oriented control in terms of tracking performance. There was little research about the influence of rotor temperature variation on performance particularly in the case of optimal controls such as maximum torque per amp (MTPA) control strategy. This work investigates how to affect the performance of maximum torque per amp (MTPA) control strategy as rotor temperature varies in time. To this end, investigation was carried out in two ways to see whether the objective of MTPA control strategy is achieved regardless of rotor temperature variation. It is to produce a desired torque with the minimum possible stator current at the same time. Laboratory experiment shows that tracking performance and maximum torque per amp condition is significantly affected by rotor temperature variation as rotor temperature varies, thus ending up with performance degradation of MTPA control. 
Introduction
Rotor temperature variation is a significant issue in the design of induction motor controls, particularly in the case of optimal controls [1] [2] [3] . In the literature, numerous studies have mentioned significant performance degradation due to rotor temperature variation unless it is taken into account.
However, those studies have mainly focused on field-oriented control having constant flux level in terms of tracking performance [4] [5] [6] [7] . There was little research about the influence of rotor temperature variation on performance particularly in the case of optimal controls such as maximum torque per amp (MTPA) control. In fact, influence of rotor temperature variation on MTPA control strategy has not been demonstrated, in whose condition the flux varies significantly. This control is favorable in terms of inverter losses and nearly optimal in terms of efficiency [8] since it is to produce a desired torque with minimum possible current (maximum torque per amp condition). [9] [10] . In this section, AQDM will be described briefly.
Additional details on the model and nomenclature are set forth in [11] [12] .
[ Fig. 1 ] Steady-state equivalent circuit of AQDM model
The steady-state equivalent circuit representing the AQDM in [12] is shown in Fig. 1 . The functional forms of machine parameters for AQDM parameters, which are stator and rotor leakage inductances, the absolute inverse magnetizing inductance, and the rotor admittance, are as follows:
The test system for this work utilizes a 4-pole, 460 V, 50 Hp, 60 Hz, delta-connected squirrel cage induction machine. Using the methods set forth in [10] , the machine parameters of AQDM for the test induction machine are listed in [ Table 1 ].
[ Table 1 ] Resultant parameters
Llr (• ) m2 6.62e-1 (HVs) Torque command, T e * (Nm) Measured torque / torque command 0.9 times ω s * given by (6) 1.0 times ω s * given by (6) 1.1 times ω s * given by (6) [ Fig. 3 in (6) is not achieved. However, for some temperature region, around at 43 ℃, maximum torque per ampere condition is in fact achieved at the estimate optimal slip frequency command ω * s defined by (6). These observations lead to the conclusion that to avoid the degradation in the performance of MTPA control strategy due to rotor temperature variation, rotor temperature variation should be taken into account in design of the MTPA control strategy.
Conclusion
This work justified the need for taking into account rotor temperature variation in induction machine control, especially, in the case of optimal control such as MTPA control.
It was experimentally shown that maximum torque per amp condition was not satisfied, ending up with sub-optimal performance in MTPA control unless rotor temperature variation is taken into consideration. The observation made in this work may lead to the conclusion that new MTPA control should be designed in a way that rotor temperature variation should be taken into consideration.
